INTRODUCTION
Capillary zone electrophoresis (CZE) has proved to be a highly efficient separation method, generally applicable for the determination of charged components. Using a UV detector, non-UV-absorbing components can also be detected in the indirect UV mode. Neutral components can be separated by micellar electrokinetic capillary chromatography (MECC), a hybrid technique, combining both chromatographic and electrophoretic separation principles. Since the introduction of MECC [1, 2] and CZE [3, 4] , many components of pharmaceutical interest have been determined [5-lo] used. All experiments were carried out in a fused-been determined by, e.g., ion-pair reversed-phase high-performance liquid chromatography using a refractive detector [ 11, 121 and spectrometric methods using derivatization reagents [13] . Combined pharmaceuticals often contain both charged and neutral compounds, which may or may not be UV absorbing. In this work, we studied the possibilities of applying CZE with indirect UV detection for the determination of aminoglycoside antibiotics and CZE with indirect UV detection coupled with MECC for the determination of aminoglycoside antibiotics and neutral components in combined pharmaceuticals. In Fig. 1 
Standard solutions
Standard solutions of the aminoglycoside antibiotics were prepared by weighing accurately 50.0 mg of the standards and dissolving them in 50.0 ml of a 100 mA4 cetyltrimethylammonium bromide (CTAB) solution (the stock solution of CTAB was stored at 30°C). For calibration, dilutions of this stock solution were used at concentrations of 1.0, 0.8,0.6,0.4,0.2 and 0.1 mg/ml. For the determination of neomycin and hydrocortisone in Otosporin eardrops, a stock solution of 0.2 mg/ml of hydrocortisone and 0.1 mg/ml neomycin was prepared (in 100 mM CTAB) and six dilutions were prepared spread between one-and tenfold dilution, so that the concentration of the sample is near the middle of. the linear range of the calibration graph.
Sample preparation
Otosporin eardrops (Wellcome Foundation, London, UK), labelled to contain 10 mg/ml of hydrocortisone and 5 mg/ml of neomycin, were diluted lOO-fold with distilled water. This dilution was used for the injection without further pretreatment.
RESULTS AND DISCUSSION

Determination of aminoglycosides by CZE with indirect UV
Aminoglycoside antibiotics are non-UV-absorbing components, positively charged in their protonated form at pH 3-8. Isotachophoretic (ITP) experiments showed that they migrate at intermediate pH with effective mobilities of 20 . lo-5-50 . lo-5 cm'/V . s with positive charges of 2+ to 5+, as could be concluded from their response factors [14] . In the first instance the aminoglycoside antibiotics were determined using CZE in the cationic mode (cathode at the detection side) with the indirect UV mode. Very bad peak shapes, due to strong attractive forces between the highly positively charged components and the negatively charged capillary wall, and a low resolution were the result. Because higher separation numbers [ 151 can be obtained at low apparent mobilities and to suppress the attractive forces between the analytes and the capillary wall, experiments were carried out in the anionic mode (anode at the detection side) with a reversed electroosmotic flow (EOF) by the addition of FC 135 to the background electrolyte [16] . All aminoglycoside antibiotics now migrated in the upstream mode [17] . With the addition of FC 135, values for the mobility of the electroosmotic flow (mEOF) can easily be obtained down to -90 . 10m5 cm2/V . s.
In Fig. 2 , the mEoF VdUeS as a function Of the pH of the background electrolyte are shown for the background electrolytes with FC 135. In Table I , the compositions of all the background electrolytes are given. As can be seen from Fig. 2 , the absolute values of mEoF increase with decreasing pH, in contrast to the mEoF values in background electrolytes without FC 135, which increase with increasing pH. This can be easily understood as follows. In fused silica the negative charge of the capillary wall increases with increasing pH (higher c-potential, higher mEoF). An adsorbing layer of FC 135 molecules shields this negative charge. At high pH this shielding is less effective, resulting in a lower ]mEoF]. Owing to this effect, the peak shape of the aminoglycosides in the reversed mode will also be the best at low pH, and will deteriorate at higher pH values. In Fig. 3 an example of the separation of a mixture of amikacin, dihydrostreptomycin, kana- Ooo' I all the determined effective mobilities of the aminoglycoside antibiotics are given (see Table I for the background electrolyte composition). From Table  II and Fig. 3 , it can be concluded that aminoglycosides can easily be determined in the anionic CZE mode with reversed EOF by the addition of FC 135 with indirect UV detection at an optimum pH of about 5, although not all components can be separated at this pH. mycin, lividomycin, sisomycin and tobramycin (all at a concentration of 0.1 mg/ml), obtained by applying a background electrolyte of 0.01 M imidazole at pH 5.0 adjusted by adding acetic acid with the additive FC 135 (50 pg/ml), is given [16] . The effective mobilities of the aminoglycoside antibiotics were determined as a function of pH. In Table II 
Coupled capillary zone electrophoresis and micellar electrokinetic capillary chromatography
Pharmaceuticals often contain both neutral and charged components. In order to determine simultaneously both charged and neutral components, a micelle-forming surfactant has to be added to the background electrolyte.
Applying a coupled CZE and MECC system, negative, positive and neutral components can migrate in any order depending on their effective mobilities and capacity factors. As an illustration, a schematic representation of the different migration possibilities is given in Fig. 4 . In Fig. 4a the original situation is shown, where the capillary is filled with background electrolyte containing a cationic surfactant. The cathode is placed at the injection side (i). In Fig. 4b the situation after some time is shown and Fig. 4c shows the corresponding electrophero- gram. In this electropherogram, component 1 is negatively charged and migrates in the downstream mode (DS) in front of a water dip (midstream mode, MS), that can act as an EOF marker [17] . A non-solubilized neutral component can also act as an EOF marker (with a capacity factor k = 0) if the component absorbs UV radiation. The completely solubilized component 6 acts as a micelle (MC) marker (k = co). The time window for neutral components migrating in the MECC mode is demarcated by tMC and tEoF and, e.g., a neutral component (4) migrates in the MECC mode. Component 3, negatively charged but partially solubilized, migrates behind the EOF marker. Component 5, without UV absorption, is a positive component with a mobility smaller than that of the micelles, whereas the positive component 7, without UV absorption, with a mobility larger than that of the MC marker migrates behind the MC marker. For the determination of neutral components simultaneously with aminoglycoside antibiotics in the anionic mode with reversed EOF, in first instance sodium dodecyl sulphate (SDS) was used. As the additive FC 135 probably solubilized in the SDS micelles, the mobility of the reversed EOF strongly decreased, as a result of which the aminoglycoside antibiotics could no longer be detected in the anionic mode. For this reason the cationic surfactant CTAB was tried as a micelle-forming surfactant causing, moreover, a reversed EOF. Good results in the separation of aminoglycoside antibiotics and several neutral components could be obtained with the addition of CTAB (100 rnw and FC 135 (50 pg/ml).
In Fig. 5 an example is given of the separation of a mixture of the UV-absorbing neutral components paracetamol and dapsone (0.02 mg/ml) and dexamethasone and the aminoglycoside antibiotics dihydrostreptomycin, kanamycin, tobramycin and sisomycin (all 0.1 mg/ml). The background electrolyte consisted of 0.01 M imidazole at pH 5.0 adjusted by adding acetic acid with the additives 50 pg/ml FC 135 and 100 mM CTAB. In order to As an application, we determined neomycin and hydrocortisone in Otosporin eardrops. The sample was measured four times. In Table IV the regression coefficients of the calibration graphs of the two components and the labelled and determined concentrations of the components in the sample are given. As can be seen, the determined and the labelled values agree well. check quantitative aspects of separations using a coupled CZE-MECC system, calibration graphs of peak area NXWS injected concentration (5-s pressure injection) were set up for the aminoglycoside antibiotics dihydrostreptomycin and sisomycin and the neutral components paracetamol and dapsone in the same background electrolyte. The qualitative abilities of this separation were checked by measuring the effective and pseudo-effective mobilities of the separate components [15] , and comparing them with the effective and pseudo-effective mobilities in the mixture. In Fig. 6 the calibration graphs are presented and in Table III 
CONCLUSIONS
The determination of aminoglycoside antibiotics in the cationic mode is difficult owing to attractive forces between the positively charged aminoglycoside antibiotics and the negative charged capillary wall. By addition of FC 135 to the background electrolyte, resulting in a reversed wall charge, the aminoglycoside antibiotics could easily be determined in the anionic mode with reversed EOF. The effective mobilities of thirteen aminoglycoside antibiotics were measured as a function of pH. Charged and neutral components can be determined simultaneously by applying coupled CZE and MECC. By the application of an electrolyte consisting of 0.01 A4 imidazole adjusted to pH of 5.0 by adding acetic acid and the additives FC 135 (50 pg/ml, for reversed EOF) and CTAB (100 mM, as micelle-forming surfactant), the aminoglycoside antibiotics (in the anionic mode with reversed EOF with indirect UV detection) and neutral components (reversed MECC mode) could be simultaneously determined. The values obtained for neomycin and hydrocortisone in eardrops agreed with the labelled values.
